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Summary 
The goal of the research described in this thesis was to develop new methods for 
oxidative transformations of organic substrates including cis-dihydroxylation and 
epoxidation of alkenes, oxidation of alcohols, aldehydes and C-H activation, that are 
suitable for both laboratory and industrial scale. The research is based on atom-efficient 
and environmentally friendly concepts where manganese, a 1st row transition metal, and 
H2O2, as terminal oxidant, are used. Moreover, the mechanistic insights gained from the 
systems developed were essential for understanding how the catalysts work, which has 
proven vital to improve the present systems and develop the new systems.      
 
The first catalytic system described in this thesis employs the combination of 
[MnIV,IV2O3(TMTACN)2]2+ and carboxylic acids as the catalyst and H2O2 as terminal 
oxidant. This catalyst has a long history which began in the late 1980s as model systems 
for the water splitting component of photosystem II (PS II) and dinuclear manganese-
based catalase enzymes.1 Later, several research groups focused on applying this catalyst 
in oxidative transformations with initial efforts focussing on the use of additives to 
suppress the H2O2 depleting catalase-type activity of the catalyst and enhance its activity 
towards the oxidation of alkenes.2,3,4,5,6,7 Our research group also demonstrated the use of 
carboxylic acids as an additive, which is responsible for suppressing the catalase-type 
activity as well as tuning the reactivity and selectivity of the reactions.6,7  
 Studies revealed that bis-carboxylato bridged complexes 
[MnIII,III2O(RCO2)2(TMTACN)2]2+ were the active intermediate formed in the system.7 In 
this thesis, these bis-carboxylato bridged complexes obtained from pre-treatment of 
[MnIV,IV2O3(TMTACN)2]2+ with a carboxylic acid and H2O2 were used as the catalyst for 
the oxidative transformation of organic substrates. In general, this system showed a broad 
substrate scope and moderate to excellent conversion and isolated yield for the 
transformation of secondary alcohols and aldehydes to their corresponding ketones and 
carboxylic acids, respectively, as well as the oxidation of alkenes to their corresponding 
epoxides or cis-diols. Oxidation of primary alcohols is more challenging. However, 
varying the carboxylic acid co-catalyst and adding the catalyst batchwise improved 
conversions. High selectivity for C-H activation to mono-ketone products was also 
observed.  
 This method can be viewed as a practical method for small to large scale synthesis 
since the TMTACN ligand and its manganese complexes are cost-effective catalysts and 
can be obtained from large scale synthesis. Also, the conditions employed required low 
catalyst loading (generally 0.1 mol%) and near-stoichiometric amounts of H2O2. 
Moreover, the activity and selectivity of the reaction, especially for substrates containing 
multifunctional groups, can be tuned by varying the carboxylic acid co-catalyst and the 
amount of H2O2 used.   
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 Summary 
Polypyridyl amine based ligands such as TPTN or TPEN ligands are a quite attractive 
class of ligands because their synthetic route allows for the facile introduction of various 
groups either on the central diamine unit or by replacing one or more of the pyridyl rings. 
Also, they showed some activity in the epoxidation of alkenes as well as the oxidation of 
alcohols to their corresponding ketones or aldehydes.8,9 The intermediate compounds 
containing the aminal motif in the synthetic route to TPTN/TPEN type ligands were 
tested as a new ligand class in manganese catalysed reactions. The substrate conversion 
and product distribution from aminal based ligands were identical to that observed with 
TPEN based ligand.  
 Ligand stability is a general issue that needs attention since it can control the 
reactivity and especially (enantio)selectivity of a reaction. Hence systems containing 
TPTN and aminal based ligands were studied and both showed that the ligand used 
decomposed under the reaction conditions employed to form the same species, i.e. 
pyridine-2-carboxylic acid. Furthermore, it was demonstrated that, for example, 
replacement of the TPTN ligand by an equivalent amount of pyridine-2-carboxylic acid in 
the oxidation reactions results in identical activity and selectivity for a broad range of 
substrates. In general, it might be expected that ligand degradation would lead to loss of 
activity in a catalytic system. This particular case demonstrated clearly that this is not 
necessarily true.  
 Although ligand degradation to pyridine-2-carboxylic acid is responsible for the 
conversion observed under slightly basic conditions in the presence of ketones, this does 
not mean that polypyridyl amine ligands cannot be used with manganese in oxidation 
catalysis when H2O2 is used as terminal oxidant. It should be remembered that Costas and 
coworkers showed the use of this type of ligand for the epoxidation of alkenes under 
acidic conditions.10 This demonstrated that the reaction conditions are crucial for the 
stability of ligand as well as the performance of the catalyst. 
 The discovery of ligand decomposition leads to a new catalytic system for the 
oxidation of alkenes based on MnII salt, H2O2 and a base in ketone containing solvents. 
This is a relatively simple ligand/metal system and holds remarkable potential in 
achieving synthetically useful selective oxidative transformations.  
 The presence of a ketone either as a solvent or cosolvent was found to be essential to 
the activity of the catalytic system. However, the use of a combination of acetone and 
H2O2 presents a substantial risk of explosion and hence may prove unsuitable for routine 
use especially on medium and large scale. Subsequently, butanedione was identified as a 
ketone that provided a highly active catalytic system and could be used 
substoichiometrically.11 Importantly, the reaction times were reduced dramatically, which 
is a key advantage in achieving higher selectivity.      
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Summary 
As mentioned before, one of the goals of the research was to understand how the catalyst 
works and to elucidate the reaction mechanism. The direct identification of an ‘active 
species’ or even the catalyst in its resting state was essentially impossible for this system 
because it is highly active and required very low amounts of catalyst.  
 Kinetic analysis employing Raman spectroscopy was used to obtain mechanistically 
relevant information about the system. This spectroscopic technique is useful since 
substantial information can be obtained from one measurement, e.g. conversion of 
substrate, product(s) formation and the presence of H2O2 and its adduct. The proposed 
mechanism of this system is shown in Scheme 1 and it is based on the observation of the 
equilibrium between butanedione and H2O2 towards 3-hydroperoxy-3-hydroxybutan-2-
one, data obtained from the order of the reaction experiments and 18O-labelling studies.  
   
  
Scheme 1 Proposed mechanism for the oxidation of alkenes under the MnII/pyridine-2-carboxylic 
acid/butanedione and a base system based on data from kinetic analyses and orders of the 
reaction. 
 163 
 
 Summary 
In summary, the results and discussion presented in this thesis set a solid basis for the 
development of potentially important oxidation methods. Further work will focus on 
demonstrating their applicability as a general synthetic tool.  
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